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Abstract

The purpose of the following study was to investigate the effects of changes of
rate on the degree of nasalance in speakers with normal hearing and speakers with
impaired hearing. Specifically, the following questions were asked: 1. Are speakers
with impaired hearing able to manipulate rate in a fashion consistent with speakers with
normal hearing? 2. Does nasalance, as measured using nasometry, increase with an
increase in rate in speakers with normal hearing and speakers with impaired hearing?
The study consisted often English speaking subjects, five with normal hearing
and five with hearing impairments. All subjects were assessed using the Kay Model
6200 Nasometer to measure nasalance. Subjects were asked to say the sentence, "We
were away a year ago" at five different speech rates: fastest, fast, normal, slow, and
slowest. Three repetitions were performed at each of the speech rates. After each
reading of a single sentence, the cursors from the nasometry analysis software were
adjusted to highlight the beginning and end of the speech display to calculate the data
obtained.
Results from the study revealed as rate of speech decreased the amount of
nasalance increased in normal hearing subjects. However, no correlation was found in
the hearing impaired subjects in the relationship between rate and nasalance. Based on
the conclusions of the study, it suggests that decreasing speaking rate to improve
nasalance might not be a beneficial therapy technique. Further study of rate and
nasalance is necessary to fully understand the conclusions of an uncorrelated relationship
found in the present study.

Introduction

Over the past 30 years, researchers have struggled to identify the factors that
contribute to the listeners' perception ofhypemasal

speech. Speech rate was a natural

avenue for investigation because of the many reports that faster speech rates are
accompanied by decreased velar excursion (Bell-Berti, 1980; Horii, 1986; Kent, Carney
& Severeid, 1974; Moll and Shriner, 1967; Thompson & Hixon, 1979).
When reviewing the literature, two things became apparent. First, there is little
empirical evidence to support the perceptual reports that speech rate is a contributing
factor in hypemasality.

Brancewicz and Reich (1989) attempted to resolve the possible

methodological issues that may have prevented this empirical support of the indirect
relationship between rate and nasalance. They found that reducing rate as slow as 1
syl/sec was not associated with an increase in nasalance scores (Brancewicz & Reich,
1989). Second, the perceptual effects of varying speech rates and nasality judgements
have been explored exclusively in normal hearing adults. To date, no information is
available with the hearing impaired population.
Another point to make is that rate, regardless of its effects on nasalance, is a very
important factor in the listeners' comprehension.

In various studies concerning listening

comprehension, rates between 150 - 190 words per minute is the general description of
"normal" or average speed of speech (Tauroze & Allison, 1990). Once again, however,
the majority of information on speaking rate has been limited to the normal hearing
population.

Finally, speaking rate has been associated with listeners' perception of social
attractiveness (Buller & Aune, 1992). Speaking faster has been shown to improve the
speaker's perceived competence (Buller, LePoire, Aune, &Eloy, 1992). Furthermore, the
similarity between the speaker's speech rate and the listener's speech increases;
perception of the speakers' social attractiveness also increases (Buller et al., 1992).
Many studies have pointed to a lack of intelligibility in the speech of the hearing
impaired. Mean intelligibility ratings have ranged from a low of less than 20% to a high
of 76% (Davis & Hardick, 1981). Among the factors that have been explored as
contributing to this loss in intelligibility are hypemasality and speech rate.
A number of studies have found the speech of individuals with hearing
impairments to be characterized by hypemasality (Davis & Hardick, 1981). The
excessive nasalization of speech has been felt to be related to difficulty coordinating
velopharyngeal activity and other articulatory movements.
Investigators have found the speech of individuals with hearing impairments to
often be slower than that of normal hearing individuals (Davis & Hardick, 1981).
Although thought to be related to difficulty organizing normal breath groups, this slow
rate also results in a prolonging of syllables, primarily due to vowel lengthening.
In regard to the review above, it was the purpose of the present study to
investigate the effects of changes of rate on the degree of nasalance in speakers with
normal hearing and speakers with impaired hearing. Specifically, the following questions

were asked: 1. Are speakers with impaired hearing able to manipulate rate in a fashion
consistent with speakers with normal hearing? 2. Does nasalance, as measured using
nasometry, increase with an increase in rate in speakers with normal hearing and speakers
with impaired hearing?

Methods

Subjects
Ten English speaking Caucasian subjects were studied. Subjects were divided
into two groups: a control group and a variable group.
The control group consisted of five female subjects. Subjects ranged in age from
21 to 29 years. Each of the five subjects had a voice frequency range between 200 -263
Hertz (Hz). All five were judged by the investigators to possess speech and hearing
within normal limits. None of the subjects had a history ofvelopharyngeal

impairment or

craniofacial anamalies.
The variable group consisted of five hearing impaired subjects (two females,
three males). Subjects ranged in age from 18 to 20 years. Investigators judged the
selection of the hearing impaired subjects based on the following criteria: oral speaking,
intelligibility of 4 or 5 on the NTID scale, no physical conditions resulting in
misarticulation (dysarthria, etc), no craniofacial anomalies or syndromes, sensori-neural
bilateral hearing loss, and non-bilingual.
All subjects were judged by the investigators as speaking the same regional
speech pattern.

Instrumentation
The model 6200 Nasometer is a microcomputer-based
Kay Elemetrics.

system manufactured by

With this device, oral and nasal components ofa subject's speech are

sensed by two microphones.

These microphones are secured to a headgear and

positioned on either side of a sound separator plate that rests on the patient's upper lip.

The signal from each microphone is filtered and digitized by custom electronic modules.
The data are then processed by a computer and accompanying software (Kay Elemetrics,
Version 1.7). The resulting signal is a ratio of nasal to nasal-plus-oral acoustic energy,
which is multiplied by 100 to express a percent Nasalance score.
The nasometer was calibrated and the headgear was adjusted according to the
manufacturer's

specifications.

Before data collection, the headgear was properly

positioned on the subject as described in the equipment manual. The subjects were then
asked to read the sentence aloud to become familiar with the words.

Stimuli
The following sentence was used as stimuli in this study: "We were away a year
ago." The sentence is absent of any nasal consonants and provides a sample that is all
voiced. The subjects were directed to repeat the sentence three times at each of the
designated speech rates.

Rate Conditions
Sentence repetition was performed at varying rates (normal, fast, fastest, slow,
and slowest). The subject was first instructed to say the sentence at a normal rate. They
were then asked to say the sentence at a faster rate three times. The subject was then
instructed to return back to a normal rate again. The subject continued this pattern by
producing the sentence three times slower, fastest and slowest. Between each increase or
decrease in rate the subject was asked to return back to a normal rate.

Data Analysis
After each reading of the sentence, the cursors from the Nasometer's analysis
software were used to mark the beginning and end of the speech display on the computer
monitor. The "calculate" function from the software package was used to determine the
mean and standard deviation of the nasalance scores for each subjects reading of the
sentence. In addition, it provided the time duration for reading the sentence at each of the
different speech rates. The mean nasalance score and standard deviation obtained from
each reading of the sentence was used to calculate a group mean for each respectively.
Likewise, the time duration obtained from each sentence reading was used to calculate a
group mean.

Results

Rate - Normal Hearing Group Data
In looking at results of speaking rate with the normal hearing subjects, the group
displayed as a whole a decrease in the amount of syllables per second (syillsec) as the
rate decreased. The number of syllables per second in the fastest rate was 8.35 and in the
slowest rate 1.83. In addition, the group displayed a lesser amount of standard of
deviation in the slower rates than in the normal and fast rates. The standard deviation in
rate from fastest to normal was.37 to .29 respectively. The standard deviation in rate
from slow to slowest was .09 to .03 respectively.

Rate - Normal Hearing Individual Data
After analyzing the range of mean rate (syll/sec) between each of the five subjects
and within each rate (fastest, fast, normal, slow, slowest), the following was as found:
Subject 4 displayed the lowest mean rate of7.89 syillsec (7.21 - 8.99) during the fastest
rate, while obtaining the highest mean rate in the normal rate, 7.01 sylllsec (6.15 - 8.51).
Subject 1 obtained the highest mean rate in the fastest rate with 8.96 syillsec (8.799.09).

Also, subject 3 had the lowest mean rate in the fast and slow rate with 7.64

syillsec (7.21 - 8.16) and 1.98 syillsec (1.82 - 2.14) respectively. Subject 2 obtained the
lowest mean rate in both the normal and slowest rate, 5.12 syll/sec (4.91 - 5.26) and 1.53

syll/sec (1.48 - 1.62) respectively, and the highest mean rate in the fast rate with 8.14
syll/sec (7.21 - 9.88). Lastly, subject 5 displayed the highest mean rate for both the slow

and slowest rates obtaining 3.34 syll/sec (3.14 - 3.65) and 2.55 syll/sec (2.51 - 2.57)
respectively.
Rate - Hearing Impaired Group Data
The hearing impaired subjects, as a group, revealed a trend toward a decrease in
the amount of syllables per second as the rate decreased. The amount of syllables per
second in the fastest rate was 5.57 and in the slowest rate 2.28. Also, the group displayed
little variation in rate between fastest and fast. The amount of syllables per second in the
fastest rate was 5.57 and in the fast rate 5.78. A decrease in the number of syllables
began in the normal rate with 4.17 and continued the trend through the slowest rate of
2.28. In addition, the hearing impaired subjects showed an increase in standard deviation
from fastest to slowest. The standard deviation from fastest to slowest was .04 to .12
respectively.

Rate - Hearing Impaired Individual Data
After compiling the range of mean rate in syllables per second (syll/sec) between
each of the five subjects and within each rate (fastest, fast, normal, slow, slowest) the
following was found:
In all five rates, (fastest, fast, normal, slow, and slowest), subject 3 displayed the
highest mean rate, obtaining the following results; 7.2 syll/sec (6.9 - 7.55),6.99 syll/sec
(6.45 - 7.55),5.39 syll/sec (5.33 - 5.56),6.99 sylllsec (6.45 -7.55), and 3.24 syll/sec
(2.88 - 3.54) respectively. The lowest mean rate for the rates fastest and fast were
obtained by subject 1 with 4.07 syillsec (3.65 - 4.3) and 5.07 syll/sec (4.68 - 5.44). Also,

subject 2 displayed the lowest mean rate for normal, slow and slowest with 3.21 syll/sec
(2.65 -3.98),

5.07 syll/sec (4.68 - 5.44), and 1.59 syll/sec (1.52 - 1.7) respectively.

Nasalance - Normal Hearing Group Data
The amount of nasalance in the normal hearing subjects as a group, increased as
the rate decreased. The amount of nasalance displayed in rates from fastest to slowest
was 8.87% to 12.38%. Also, the greatest difference in nasaIance values was between the
fastest rate, 8.870/0and the fast rate, 1l.2%. Normal hearing subjects showed an increase
of standard deviation ofnasaIance from fastest to normal, 6.65 to 7.68. However, the
standard deviation ofnasaIance decreased from normal to slowest, 7.68 to 7.17.

Nasalance - Normal Hearing Individual Data
The compilation of range of mean nasalance between each of the five subjects and
within each rate (fastest, fast, normal, slow, slowest) revealed the following:
Subject 1 displayed the lowest mean nasalance in the fastest, fast, normal, and
slow rate obtaining the following results; 7.66% (5.88 - 10.25), 6.51 % (6.05 - 7.22),
6.78% (4.58 - 8.19), and 6.75% (5.76 -7.83) respectively. On the other hand, subject 2
revealed the highest mean nasalance in the fastest, fast, normal, and slow rate obtaining
the following results; 14.370/0(13.56 - 15.29),20.41% (18.38 - 2l.61), 22.93% (18.927.13), and 23.64% (22.36 - 26.08) respectively. In the slowest rate, subject 4 displayed
the lowest mean nasalance of 7.68% (7.26 - 8.35), while subject 3 had the highest mean
nasalance of 19.62% (17.21- 22.7).

Nasalance - Hearing Impaired Group Data
The amount of nasalance in the hearing impaired subjects as a group, displayed
an overall trend of increased nasalance as rate decreased from fastest to slowest, 15.86%
to 19.84%. However, there was a decrease in nasalance in going from a slow rate to the
slowest rate, 25.24% and 19.84% respectively. In addition, the standard deviation of
nasalance increased as rate decreased from fastest to slowest, 12 to 15.36.

Nasalance - Hearing Impaired Individual Data
After compile the range of mean nasalance between each of the five subjects and
within each rate, the following results were obtained:
Subject 2 displayed the lowest mean nasalance in the fastest and normal rate with
6.72% (4.69 - 9.17) and 7.0% (6.48 -7.37).

Also, subject 5 obtained the lowest mean

nasalance in rates offast, slow, and slowest with 5.02% (4.81 - 5.35),6.93% (5.378.57), and 6.44% (4.42 - 8.0) respectively.

The highest mean nasalance for rates of

fastest, fast, normal, and slowest was obtained by subject 1 displaying results of30.27%
(26.09 - 33.64),35.78%
43.67) respectively.

(33.44 - 37.15),39.74%

(35.89 - 43.55), and 37.11% (32.6-

Subject 3 displayed the highest mean nasalance in the slow rate in

obtaining a 42.03% (38.89 -46.1).

Rate and Nasalance
The comparison of results from rate and nasalance in the normal hearing subjects,
revealed that as rate decreases, nasalance increases. Rate decreases from 8.35 to 1.83
syllables per second, while nasalance increases from 8.87% to 12.38%.

In the hearing impaired subjects, the relationship between rate and nasalance
varies. There was a relatively consistent rate in syllables per second between fastest 5.57
and fast 5.78, however, the nasalance values increased from 15.86% to 18.71%
respectively.

In addition, there was a decrease in syllables per second from fast to

normal, 5.78 to 4.17, accompanied by an increase in nasalance from 18.71% to 19.47%.
There was also a decrease in rate between normal and slowest from 4.17 to 2.28,
followed by a slight increase in nasalance from 19.47% to 19.84%.

Discussion

Comparison of Group Rate in Normal Hearing and Hearing Impaired
In both normal hearing and hearing impaired subjects, the number of syllables per
second decreased as rate decreased. However, the magnitude of the differences across
rate conditions was different for each group. Normal hearing subjects displayed a
difference of6.52 syll/sec spanning from the fastest rate of speech to the slowest rate of
speech. Contrary to the normal hearing group, the hearing impaired subjects had a range
of 3.29 sylll sec from the fastest to the slowest rate of speech. The normal hearing group
displayed a difference two times as great as the hearing impaired group between the
extreme rates. These differences across rate conditions appeared to lie in how the normal
hearing subjects and hearing impaired subjects responded during the task of varying
speech rate. Normal hearing subjects demonstrated greater capability in varying rate of
speech. Where as the hearing impaired subjects demonstrated less capability of varying
rate of speech.
In addition, the hearing impaired group displayed little variation in the ability to
differentiate between saying a sentence at a fast rate versus one at an even faster rate of
speech.

The hearing impaired group displayed an average of5.57 syll/sec in the fastest

rate and 5.78 syll/sec in the fast rate. In comparison, the normal hearing subjects
differentiated between a fast and fastest rate of speech. The data indicated that the
hearing impaired group had more difficulty differentiating between speaking at a fast rate
versus the fastest rate.

Two different patterns were displayed between the normal hearing group and
hearing impaired group. First, the normal hearing subjects' average standard deviation
spanned from .37 in the fastest rate to .03 in the slowest rate. The pattern in the normal
hearing group displayed greater conformity in the slower rates than at the faster rates. On
the other hand, the hearing impaired subjects' average standard deviation spanned from
.04 in the fastest rate to .12 in the slowest rate. The pattern in the hearing impaired group
displayed greater conformity in the faster rates versus slower rates. As a result, the
normal hearing group and hearing impaired group demonstrated patterns opposite of one
another regarding whether conformity of the group was greater at faster or slower rates.
In the second pattern, the overall degree of conformity displayed across all rates
from fastest to slowest, was far greater in the hearing impaired group than in the normal
hearing group. Meaning, the hearing-impaired subjects demonstrated more conformity
across all rates compared to that of the normal hearing subjects.

Comparison of Individual Rate in Normal Hearing and Hearing Impaired
The data revealed no consistent pattern within the normal hearing subjects when
looking at the range of mean rate between each subject and within each rate from fastest
to slowest. However, in the hearing impaired subjects, subject 3 consistently displayed
the highest mean rate in all five speech rates. No other patterns were observed in the
hearing impaired group.

Comparison of Group Nasalance in Normal Hearing & Hearing Impaired
In both the normal hearing subjects and the hearing impaired subjects, an increase
in nasalance was observed as rate was decreased. The increase in nasalance in normal
hearing subjects was within the 28% - 32% normal limits of nasalance. However, the
increase in nasalance for hearing impaired subjects displayed subject 1 and subject 3
exceeding the normal limits of nasalance. Subject 1 exceeded the normal limits of
nasalance across all rates, where as subject 2 only displayed excess nasalance in the
slower rates.
Also, the normal hearing subjects displayed consistency in the standard deviation
of mean nasalance across varying rates. Contrary to the normal hearing group, the
hearing impaired subjects displayed a progressive increase in standard deviation across
rates, from fastest to slowest. As a whole, individuals with normal hearing are more
consistent in nasalance as a group across varying rates than that of hearing-impaired
individuals who demonstrated variability as a group when rate decreased.

Comparison of Individual Nasalance in Normal Hearing & Hearing Impaired
The data revealed no consistent pattern in the range of mean nasaIance between
each subject and within each rate from fastest to slowest, in either the normal hearing
subjects or the hearing impaired subjects.

Rate & Nasalance in Normal Hearing & Hearing Impaired SUbjects
The subjects with normal hearing increased nasalance as their rate
of speech decreased. However, the hearing impaired subjects
demonstrated a varying relationship between rate and nasality. First, the
hearing-impaired subjects' mean rate as a group displayed a relative
consistency between the fast and fastest rate of speech, and yet their group
nasalance increased by 2.85%. In addition, there was little variation in
hearing impaired subjects' mean nasalance as a group between normal rate
and slowest rate. These findings indicated that altering rate within a
hearing impaired individual displays inconsistent nasalance patterns.
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